SUMMARY Forty-nine patients in whom percutaneous transluminal coronary angioplasty (PTCA) was attempted were evaluated by thallium-201 myocardial scintigraphy after exercise and at rest before the intervention. After successful PTCA of a single stenosis in a native vessel (30 of 44 patients) and of a stenosis in an aortocoronary bypass graft (three of five patients), scintigraphy was repeated within 3 weeks in 30 patients. Long-term follow-up studies by scintigraphy at 5-6-month intervals up to more than 2 years (mean follow-up 18 months) were performed in 16 patients.
THE FEASIBILITY of instrumental exploration of the coronary arterial tree through a transaortic approach and its implications for removal of atheromatous tissue by retrograde curettage was first studied in dogs and human cadavers by May' and Absolon et al. 2 Eight years later, Dotter and Judkins3 described a new nonoperative technique to dilate arteriosclerotic obstructions of the femoral arteries by means of tapered catheters of different outer diameters. In 1976, Gruentzig4' 5 reported encouraging results in the treatment of femoropopliteal and iliac artery obstructions using a double-lumen catheter with a nonelastic balloon at its tip. Once placed in the stenotic lesion, high pressure inflation of the balloon compressed the obstructing atheromatous material against the vascular wall, thereby enlarging the lumen. With miniaturization of the dilating catheter and with the development of appropriate guiding catheters adapted from the Judkins-type catheters for selective coronary arteriography, the system became suitable for the treatment of coronary artery stenoses.8
The first successful percutaneous transluminal angioplasty (PTCA) of a severe proximal lesion of the left anterior descending coronary artery was performed in 1977. 7 Since then, many patients have undergone PTCA at various institutions, and good results have been reported concerning the immediate arteriographic results.8 10 However, little is known about the evolution of dilated coronary artery stenoses. Whereas repeated arteriographic studies permit direct visualization of the ongoing changes in the treated vessels, the invasive character of PTCA, combined with a certain risk and discomfort for the patient, limits its serial use. Even though thallium-201 myocardial scintigraphy does not reveal morphologic changes in the vascular wall, it can be used to assess the functional capacity of the vessel and to demonstrate changes in myocardial perfusion after PTCA.
We analyzed the scintigraphic images in a subgroup of patients who underwent PTCA at our institution. Specifically, we examined the patterns obtained before PTCA, within 3 weeks after PTCA, and at 5-6-month intervals after PTCA in a subgroup of patients.
Methods

Patient Population
Forty-nine patients, 43 men and six women, scheduled for PTCA were studied by thallium-201 scintigraphy within 3 weeks before the dilation procedure. They ranged in age from 31-67 years (mean 49 years). such that only one cell within the myocardial wall showed overrange activity. Comparing the number of counts/cell as indicated by its color with the number of counts in cells with maximal activity (i.e., the cells whose color was second to the color indicating overrange activity), the relative activities within each cell overlying the myocardial wall could be calculated whereby constant background activity was assumed ( fig. 1 ). This assumption was necessary because true retromyocardial background cannot be determined in vivo, but it also appeared to be a reasonable one on the basis of the experimental work of Narahara and colleagues."
The images were printed in life-size on paper using a nine-color printer. Based upon earlier observations,'2 a perfusion defect was defined as a transmural segment with a circumferential length at least equal to wall thickness showing less than 80% of maximal myocardial thallium-201 activity. To identify exactly the nature of perfusion defects on the exercise scintigrams, imaging was repeated after a 4-hour rest.
The scintigraphic evaluation was repeated 3 weeks after PTCA. Care was taken to record the exercise scintigrams at the same work load and duration of exercise as before PTCA. All subsequent exercise studies were performed after more strenuous, but still submaximal, exercise.
Evaluation of the Severity of Coronary Artery Stenosis
The degree of coronary artery or bypass graft narrowing was expressed as a percentage of the preand poststenotic luminal diameter. For this purpose the diameters of the vessel within the stenosis at its narrowest portion and of the unaltered vessel just proximal and distal to the stenosis were measured in at least three oblique projections in the selective arteriograms performed before and after PTCA. 13 The individual values were averaged.
Statistics
The results were expressed as mean ± SEM. The paired t test was used to evaluate the statistical significance of differences between groups.
Results
The focuses of the scintigraphic examination were (1) documentation of ischemia before PTCA, i.e., the detection of a significant exercise-induced reduction of myocardial thallium-201 activity within a circumscribed region; (2) detection of immediate changes in the distribution of thallium-201 activity after successful PTCA; and (3) Sixteen patients were followed by repeated exercise scintigraphy at 5-6-month intervals up to 30 months (mean follow-up 18 months) after PTCA ( fig. 2 ). After PTCA, the relative thallium-201 activity, which was reduced in the region of interest before treatment, had returned to normal. In four patients, the relative thallium-201 activity in this region increased further, and the shape of the scintigraphic image increasingly resembled a well-proportioned horseshoe figure, suggesting further improvement in perfusion with time ( fig. 5) . In four patients, the relative thallium-201 activity in the region of interest was again slightly diminished in the third or fourth scintigram, compared with the one after successful PTCA, but remained normal. These small differences may be explained by slightly different concentrations of the tracer accumulated each time in the heart. In three patients, the third or fourth scintigram again showed a limited reduction in thallium-201 activity in the same location as before PTCA and of similar magnitude. These patients were reexamined by arteriography, which disclosed a new stenosis of the LAD at the site of dilation. Therefore, PTCA was undertaken a second time in one patient, which again was successful.
Both subsequent scintigraphic examinations showed normal relative thallium-201 activity ( fig. 3) . Selective coronary arteriography 6 months after the second dilation confirmed the scintigraphic findings. The other two patients received medical therapy.
Discussion
Since the first successful nonoperative transluminal coronary angioplasty in man performed in 1977,7 dilation of proximal coronary artery stenoses by means of a special catheter technique has received worldwide attention.14 Much technical experience has been gained in the past 2 years in the more than 200 patients who have undergone this procedure.'5 However, little is known about the long-term benefits of PTCA. Although follow-up studies performed [4] [5] [6] years after dilation of peripheral artery stenoses yielded encouraging results,5 far more information about the long-term course of dilated coronary stenoses is needed before the method can be accepted as one form of treatment in coronary artery disease.
To visualize the primary effect of dilation and the ongoing changes in the dilated segment of the coronary vessel, selective coronary arteriography is the most direct approach. It is invasive, however, and so 
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promises to be a reliable diagnostic tool in the longterm follow-up of these patients. Even though our experience was limited, the scintigraphic results parallel the arteriographic findings precisely.
Our results from more than 2 years of follow-up suggest that the beneficial effect of the dilation of coronary artery stenoses may last for years. The further increase in thallium-201 activity after exercise in the region supplied by the treated artery as time goes on, combined with a progressively more homogenous aspect of the restored wall segment, implies further improvement in perfusion, which is compatible with the arteriographic findings of greater vessel patency and wall smoothness.8 Early (within 6 months after dilation) and late recurrence of the stenosis at the site of dilation, however, may occur.
We questioned whether substantial peripheral embolization in the course of the compression of the atheromatous material against the vascular wall might cause microinfarctions. In none of the scintigraphic examinations performed after PTCA did we detect small, persistent zones of reduced thallium-201 activity in the region supplied by the treated artery suggesting small areas of necrosis.
The fact that PTCA was limited in this patient group to patients with one-vessel disease facilitated the interpretation of the scintigrams, because the reduction in myocardial thallium-201 activity was directly related to the one major coronary lesion present. Thus, this represents an ideal model to study the localization of thallium-201 defects in the ischemic ventricle of man and the relationship between vessel patency and regional thallium-201 uptake.
The semiquantitative scintigraphic approach used in this study provided an improvement in image analysis. Especially for serial examinations, this method is superior to visual estimation, and only quantification allows respective comparisons and graphic display. The wide variation of thallium-201 activity in different regions of the wall'2 16f implies a wide range of normal, which therefore was defined as 80-100% of maximal myocardial thallium-201 activity.12 Based on this assumption and the relation of the changes in thallium-201 activity after exercise before and after PTCA to the increase in luminal diameter after dilation, it is evident that a coronary stenosis of 50-60% narrowing of the luminal diameter manifests itself scintigraphically after exercise.
We conclude that thallium-201 exercise scintigraphy, a completely noninvasive technique, clearly provides the best documentation of ongoing changes in myocardial perfusion after coronary artery dilation. 
